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TER RFFECT OF NMOISTURE AND FUNGUS ON
BLECTRICAL AND MECHANICAL PROPERTIES
OF FLASTIC INSULATING MATERIALS

Declassified
Survey of Work which is being done to :
in this FMeld, Open

Jan 18, 194q

Iadretuction

In June 16045, the Jehns Eopkins University undertook an experimental
investigation for the National Defense Research Committee with the object of
studying the problem given in the main heading of the present report, The re-
quest for such an investigation originated with the Servioes which are all in=
Sorested in this vital problem, In connection with the experimental work, it
was deemed desirable to make a survey of what has been done, along these lines,
by others. Such a survey falls naturally inte three partss

1l Oempilation of a bdibliography of all references to published mat-
oerisl, This s straight library work.

2. Getting together available data on recent work done in Service
Jaboratories and manufactures' laboratories which fer various reasons have not
oeems published,

3, Making a oritical study and evafuation of all pertinent material
made availadle, The report on such a study would logically come towards the
end of the experimental work now going on at Hopkins, for it is to be expected
that the evaluation can be made more intelligently in the light of experiences
geined in that experimental worke

The present report deals with the second part of the survey referred
%0 above. It is decidedly not complete, but it is written at this time because
the end of the war brought with it the termination of NDRC sponsorship of our
experimental investigation as of Ootober 31, 19485,

Ingpection of Service Laboratories and Manufacturers' Laboratories.

In order to get information of the type mentioned under Point 2 above,
the writer made a series of visits to various laboratories during July and Aug-
ust of this year. It was thought that these inspection trips might also yield
information which would be of immediate use in the experimental work being done
at Hopkins, The following places wers visited,

Army Electronics Standards Agency, Red Bank, N.J.

8ignal Corps Laboratories, Fort Mommouth, N.J.

Materials Laboratory, New York Navy Yard, Brooklyn, N.Y.
Works Laboratory, General Eleotric Company, Sohenectedy, NeY.
Plastios Laboratory, General Electric Company, Pittsfield, Messachusetts
Bell Telephone Laboratories, Murray Hill, N.J.

Belmont Radio Corporation, Chiosgo, Illinois

Formica Company, Cincinnati, Ohio,

Wright Field, Dayton, Ohio

Micarta Plant, Westinphouse, Trafford, Pennsylvenia

Synthane Cofporation, Oaks, Pennsylvania
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Tho measurements of Dre Curtis showed that the volums resistivity in
general varies with the hmmidity of the surrounding atmosphore, and furthermore,
that 1t takes a long time before equilibrium oonditions are reached. Fige 1A
shows his results for some of the materials investigated, These results were
selected because they are representative of the different types of insulating
materials under the oonditions of the experiment. The specimens had all deen
Xept for over a month in a humidity chamber where the relative humidity was
about 90%; then the humidity in the chamber was lowered to 25X and kept at
this value for more than a month with tho temperature at 25°C, Moasurements
of volume resistivity wero made during this latter period at the lower humidity,
snd the curves show the striking effect of the drying out of the differont mat-
erials. The ordinatos aro relative resistance values, and the figuro gives the
relative rate of recovery of volume resistivity for tho different materials;
with different type of specimen snd electrode arrangement the absolute rates of
recovery presumably would be different. The important point to note 4s that,
under oonditions such as theso, tho volume resistivity is rather indefinite,

ahd 4% is not practicable to detormine the change im volume resistivity with
hmidity.

When surface leakage is moasured on a solid dieleotric tho ourrent
flows partly in 4 surface film on the dielectric and partly through the dieleotric
itsolfs It is oustomary to define surface resistivity as the resistance between
opposite edges of & surfaco film whioh is one om square. Now, if the volume
resistivity of tho film 4s defined in the usual way as tho roaistance between
opposite faces of a one om oube mado out of tho material of the surfece film,
then it follows that for a film of thiokness t:

=5
o’t

where @ is surfece resistivity of the solid dieleotrio and volume resistivity
of the material of the film, Henoo, the surface resistivity, as defined, 4s n
striotly speaking, a oonatant of tho material of the £ilm, for 4t depends on
the thickness of tho film, However, both the thickness t and tho volume resist-
ivity @ of tho film depend on the nature of the solid dieleoctrio surface, and
therelore it is permissible to speak of surfaco resistivity of a dioleotrio
under given oonditions as a constant of tho dielectrice It is necessary, in
prinoiple, to correct moasured values of surfece resistance for the effect of
the current that flows through the dielectric itself. This ocan be done it

the volume resistivity of the diolectric is Xmown, but in general the oorrection
is inappreciable .

While it is not feasibdle to determine the relation between the relative
humidity of the surrounding atmosphere and the volume resistivity of a partioular
s0l1d dielectric because of the slowness with which oquilibrium 4s attained, oon-
ddtions are different for surfeoe resistivity. Hers, too, it takes time for the
equilibrium to becoms established, tut not as long as in the case of volume
resistivity. Fig. 1B shows how the surfaco resistivity of hard rubber varies
with time after the relative hunidity of tho surroumding air is raised from 50%
to 93, The drop is very rapid within the first oomple of hours after the change,
and the resistivity is still going dom after 18-20 hours, although oondideradly
more slowly. If a sample is kept in an atmosphere of a given relative humidity
for 18 or 20 hours before a measurement is taken it beoomes feasiblo, then, to
establish an approximste relation between relative humidity and surface resistivity,
The paper gives a great many curves showing this relation for different materials,
of whioh those in Fig. 1C are typical, However, it should be pointed out that

-3e
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surface resistivity does not beoeme stabilised in 18-20 liours, as onn be semm
in the three curves for hard rubber, red fiber and bakelite given in Fig. 1D.
These semples had been kept in air of 85% relative humidity. Then the humidity
was lowered to 20X and the initial resistance measured after 48 hours. Dr.
Curtis resarks that "precise results are of little value in the practiocal use
of insulators”, considoring the ohanges in resistivity which teke place when the
hmidity of the surrounding air wvaries.

There is an intersesting disoussion on the nature of surface leakage,
in this paper. It has been assumed that surface leakage is due to oonductance
of & molsture f£ilm with porhaps othor material on the surface of the dielectrio.
Various investigators have dotermined the thiokness of the films of water de-
posited on the surface of sudstanoos such as quarts and glass for differeat
values of relative humidity in the surrounding air. Thus, for carefully oleaned
quarts it has been found that the thickness of the film in air of 950% rohtir
huwildity is about 5 x 107 om. The surfaco resistivity is apgroximatoly 10 “chms.
This gives a oonduotivity of tho water in the film of 2 x 10 =~ mho per om, which
is of the same order as that of distilled water. With quarts speoimens whioh had
not been olo-ms the £ilm thickness at 90% relative humidity was found to be from
10" to 6 x 10°° om, Taking the highest value of film thiokness and the lowest
value of surfaoe resistivity observed (108 chms) the oonduotivity of tho film
turns out to be 0,0017 mho per cm. This high valuo of ocondustivity (ocompared to
that of distilled water) must be dus to salts on_the surface of the quarts dis-
solved in tho water, It would only teke 6 x 10 ° grams of sodium ohloride per
square om of the surface to acoount for it, a degree of oontamination whioh is
sasily drought about by handling. It is pointed out that the presenco of salts
on the surface of hard rubber doos not affeot the surfaoce leakago at extremely
low values of relative humidity. This again suggests that the surface ocondusctanee
at high humidities is osused by salts dissolved in & water film,.

Recent Bxperimental Work

1. Insulation Resistance
A Bffect of Exposure to Air of High Relative Humidity

Against the baokground of this excellent study of thirty years ago, we
shall now look at some of the reoent worke Pig. 2 gives, in the form of graphs,
4he results of oxperiments carried ocut at the Bell Telephone Laboratories. The
figure is complstely self-explanatory except for some dotails about the oonditions
of the exporiments, The specimens used were in the form of rectangular terminal
s trips,each strip having seven samall metal eyelots on ocach side, uniforaly
spaced about 1/4 inch apart. Alternate eyelets wero commeoted together, the two
groups of each strip thus forming tho elestrodos and giving a rather oomplox
leakage pathe The strips were suspended by the connecting wire in & humidity
chamber, ono group of intercomnected eyslets from oach strip bdeing tied to o
common ground, the other to terminals passing through the wax seal eof the ohamber,
The humidity in the ohambor was maintained at the desired value by using e
sultabdle salt solutiom.

After the strips were in position they were inoculated with ¢ fungus
(poria inorassata)e No special effort was made to olean the specimens which
were out from ordinary stock material. The specimens therefore started out
with the normal surface oontamination, and the poria incrassata fell a prey to
other fungi, spores of whioh must have been present on the surface,.

b=
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The direot ourrent resistance was measured at 100 volts, 4nitially at
reem oonditions and later as indiomted, It is, of oocurse, impossidble in this
oase to distinguish surface conductance from volume oonductence, and the resistence
values given reflect the oomdined effects. The drop in resistance during the
early part of the test is in qualitative agreement with results of the paper
by Dro Curtis, The initial sharp drop in the case of methyl methacrylate is

asoribed by the authors to condensation (visidble condensation?) on tho surface.

After 58 days an attempt was made tc stimulate fungus growth (whioh,
still was pather mesagre) by oausing rapid oondensation on the surface through
& sudden lowering of the temperature to 15°C. The resulting momentary rise in
resistance is interesting though unexpleined,

After 214 days a study of resistance recovery under decreasing values
of relative hunidity was begun. It is interesting te notice that the recovery
was ommplete for methyl methaorylate (luoite), though not for the other specimens
(which may perhaps be explained by a lag in the recovery of volume resistance).
The most striking result of this experiment is the demonstration that the fungus
which was present on all specimens did not prevent recovery of the insulation
resistance as the samples were dried out under the lower humiditiea, However,
the presence of the fungus caused the insulation rosistance to detsriorate more
rapidly when the humidity was raised to its original value, as can be seen very
olearly in the oase of the luoite specimen. It should be noted that the abscisea
soale in Fig. 2 is enlarged after 270 days. The deleterious effect of fungus
appears to be 1ike that of any other surface contaminant which inoreases the
absorption of moisture.

The ourve for lucite in Fig, 2 shows a few more or less definite breaks
in the begiming which appeared to bear some correlation with the growth of
fungus as observed visuslly. The authors, following this lead, started ancther
Sest with four lucite samples. However, because of different conditions as to
oleotrodes eto., it is diffioult to compare the results of the two series of tests.
The results of still another experiment, showing the relative behavior of msthyl
methacrylate and phemol fabric at 97% and 100X relative humidity, are givea in
Pige. 3. The distinotion between the two materials is quite sharp at 87% relative
humidity but wholly blurred at 100%,

The principal conslusion drawn by the authors from this work is that
differentiation between the effects of moisture and fungus on surfase resistance
oan be made for high quality insulating material at 97% but not at 100X relative
hamidity, On commercial filled plastic the effect of molisture is of such a
sagnitude as to mask any effect of fungus.

Fig. 4A shows some results obtained at the Belmont Radio Corporatien.
The specimens were 2 inch square and the eleotrodcs were two 8-32 sorews with
lock-washers, 1 inch apart. The insulation resistance measuremsnts were made
with 540 volts. Each point represents the average for ¢ samples,

The curves in Fig. 4B are dram on the basis of data from the Synthane
Corporation,

An investigation was made in the Signal Corps Laboratories at Pors
Mozmeuth on the effect of oertain conditionings involving rather complex huwidity
and temperature oycles, The specimens were disos of 4 inch diameter and 1/8 inch
thickness made from molded phenolic material (MI'S-E-3, NFE) and the volume
resigtivity (ASTM, D257-38) was measured at intervals in the oyoling. The
specimens were subjeoted to a total of fifteen 24 hour eyoles made up as followss

=l
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The specimens were removed from the conditioning chember during step
£, in the fifth, eleventh and fifteenth oyole and tested immediately. The
following results were obtained for two samples (identified as §#6 and #17),
the values of resistivity being given in ohm om:

Initial Valus 5 aycles 11 eycles 15 cycles

Semple #6 2.3 = 1012 7.4 x 2011 5,6 x 2011 7.4 x 1012
Semple #27 2:&’ 9¢2 6.6 6.9
Averege 2 8.3 6.1 1.2

Two other samples were subjected to fifteen cycles whioh differed
from the preceding in the latter stages:

£) 1% hours st 28°C, 98X RH
Bmidity g) 3 hours at =10°C
Oyole 2. h) 2 hours at 785°C

1) 2 hours at 26°C, 985 RH

These specimens were also removed during step £ in the fifth, tenth
and fifteenth oyole and tested at once. Regultss

Initial Value 5 oycles 10 oysles 15 eyoles
Semple #2 9.3 x 1012 8.4 x 1011 2.1 x 1012 6.1 x 2011
m‘ m 2.8 5.8 307 .-O’
Aversge 901 Tl 249 52

It is obvicusly diffiocult to interpret the results of tests sueh as
these. There was another series ef tests on the same type of imterial where the
humidity cycle was as follows:

jgy © Dours at 55°C and 98X RH
?}'o'ﬁy 6 hours at 26.5°C and 95X RH

The speoimens were dried fer 48 heurs at 50°C befors being subjected
to the humidity oyoling, and for 128 hours at 50°C after oompleting 26 oyoles.
Neasurements of volume resistivity were made at intervals during the whole
test, However, the results are even more erratic than those shown above and
they will not be given here., These tests were only a part of a larger program
oonducted at Fort Monmmouth with the object of determining the relative severity of
hunidity and water immersion oonditionings in terms of their effect on electriocal
oharaoteristies such as velume resistivity, power faoter and dielectrio oonstant,
Some ef the results on volume resistivity have beem inoluded here beomuse they

ocms under the general categery of the effect en insulation resistance of' ex-
posure to air of high humidity,
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There is only cne other item in this category smong the data which
have been made gvailable; it oomes from the Airoraft Engineering Laboratories
utolrlght Field and deals with the effect of exposure to air of 100% RH and
40°C on the insulation resistance of "linen phenolic strips". The strips were
2 1/4" x 1/2" x 1/8" with 1/4" holes and wsshers spaced 1/2" apart. Measure-
ments of resistance were made during the firast 60 minutes after the strip was
placed in the lumidity chamber. The resistance of the dry strip was 80000

mogolms; sfber in the humidity ohamber the resistance dropped extremely fast
as shown in the table below.

1 minute 1000 ohmse
100 -.s

Acocording to these data the resistance of the strip dropped to one
hundredth of cne per ocent of its original value in five minutes, and during the
last half hour of the test there was no measurable changee

B, Bffect of Condensation

When an insulator is kept in a lhumidity chamber with a ocertain high
relative humidity, for example 90X, then, under equilibrium conditions , there
will be a oertain smount of moisture in its surface film, as mentioned in the
review of the paper by Dr, Curtis. If the temperature of the insulator initially
is considerably below that of the chamber, then a much heavier layer of moisture
will be temporarily deposited on the surface, usually as visgible condensation, This
heavy layer of moisture will lower the surface resistance to a oertain minimm
value, and then as the condensed moisture begins to evaporate again, the insulation
resistance starts rising, gradually approaching the value corresponding to
oquilibrium conditions in the humidity chsmber, It has generally been assumed
that this minimm of insulation resistance under condensation will be independent
of the original resistance of the insulator, since the effect of a heavy layer of
water should be predominant. Some very interesting studies made at the Bell
Telephone Laboratories show, however, that this is too simple a view, The samples
used in the experiments were phenol plastio terminal blooks having six terminal
punchings with barriers betwesn adjacent cnes. Alternate terminal punchings
were oomnected in parallel, the two groups thus oonstituting the electrodes between
which the insulation resistance was measured, Two terminal blocks were placed
in the hhmidity ohamber at the same time, both mounted horisontally, ocmne with
the punchings horisontal and the other with the punchings vertical. A series
of ocondensation tests was made with these two specimens in which the initial
value of the insulation resistance was varied from 33 to 38400 megohms. This
wide range in initial resistance was attained by either drying the samples at
about 50°C or keeping them in an atmosphere of 90X relative mmidity for dif-
ferent lengths of time before they were chilled in refrigerators. All measure-
ments of insulation resistance were made while the specimens were covered with
moisture condensed on their surface after they were placed in a chamber of 90%

RH, at about 30°C, Test results are shown in Table I,

In the light of what has been said above ooncerning the preconditioning
of the specimens the results seem to indicate that the insulation resistance under

ocndensation depends ai;ni‘innﬂ.y on the state of dryness of the insulator before
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oondensation takes place. A natural explanation would be that the eontinulty

of the £filn of condensed moisture is greater when the surface is damp initially
than when 4t is dry. Photographio studies made in oomeotion with the experiments
soem to bear out this view,

Ce Effect of Immersion in Water

To study the effdot of water immersion on insulation resistanoe samples
of the material in question are kept in water of a oertain temperature and taken
out at intervals for measurements. Before the measurements are made, the surface
is wiped with a oloth to remove the watere The deterioration of insulation re-

sistance is thus essentially a measure of the water absorption into the body of
the material,

In Fig. § are shown the results for four different materials from a
series of tests made at the Formioa Company. The progesessive deterioration of
insulation resistance is shown for water immersion lasting 180 dayse The samples
were 3" x 2" x 1/2" and the electrodes were Pratt and Whitney tapered pins 1"
apart, inserted from epposite sides. The immersion was in distilled water of 60°C,
Before being measured the samples were kept for 1/2 hour in distilled water at
room temperature. They were thereupon wiped off, first with a demp oloth and
then with a dry oloth, A potential difference of 150 volts was applied for one
ninute between the electrodes and the measurement was completed within two mimutes
after the samples were removed from the water,

The graphs have been ]ilottd with logarithmio soales. It is interesting
to note the difference in the relative rate of deterioration. If the insulation

resistance after 1 day immersion is taken as reference, then the time required for
a drop to 1% is as follows, for the different materials:

b+ 4 6 days
™ 10 days
GBE 20 days
L (melamine) 200 days (extrapolated)

From Belmont Radio Corporation we have the following data on insulation
resistance versus time of immersion in tap water of the same two materials shown

in m. 44,
IeRe in h&l

Initisl 4 hours 1 day 2 days S days 7 days

PBa 100 45000 30000 27000 24000 10000
GMG 230000 76 642 4.2 1.2

Saxples and electrode arrangement were as desoribed above, for the
humidity exposure tests.

Imnersion tests en several grades of laminated phenolio material
have been made at the Signal Corps Laboratories, Fort Mommouths The specimens
were 11" x 2" x 1/8" and the electrodes were tapered pins (Navy Spec. 17-PS,
pare P=2g)e The results are given in the table below, resistanoce values in
nogohms o
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Inmersion in Distilled Water at Room Temp.

Material As roceived 1 day 2 aeys 5 days 10 days

x 4ol x 105 430 150 54

xp 4.2 x 10° 290 29 5

X 2.2 x 108 4.5 x 105] 1.4 x 10° 5.4 x 10%| 6.5 x 10’(
c 1.5 x 10° 280 78 18

L 6.5 x 10° 45 40 20 )

A 220 a7 26 8.1 3.6

AL 1.9 x 103 17 10 4.1

NDP 8.0 x 10% 730 530 280 5

BB 2.3 x 108 6.9 x 10° | 1.8 x 103 610 250

The data for some of the materials are shown graphioally in Fig. 6.
In the same series of tests, measurements were also made with sorew and washer
olectrodes (ASTM, D=257=38), In general the resistance values obtained with

the sorew electrodes are somewhat lower than those obtained with the tapered
pins, and not as oonsistent,

From the same laboratory we also have some data on the ohngo of ~
volume resistivity with time of immersicn in distilled water at 27 C and 66 C
for a molded phenolic (UTS=ES, MFE). The semples were disos of 4" dismeter

and 1/8" thickness and the measurements were made in aocordance with ASTN,
D257=38, after 1, 5, 10 and 16 days of immersion., Before immersion the
speoimens were kept for 48 hours at 50 C, cooled down to room temperature in a
Gesicoator and measured., Each of the values given below is the average for two
specimense

Tmmersion in Distilled Water at 27°C

Before Immersion 1 day 5 days 10 days 15 days

46 x 2012 19 x1012 1,5x1012 5.1 x2101 9.6 x 1012
Temersion in Distilled Water at 55°C

Before Immersion 1 day 5 days 10 days 15 days

2.5 x 1012 5e3x 1011 1,2 x 1011 6.4 x 2010 2,6 x 1010

The values of volume resistivity are given in ohm om. At 27°C, fifteen
deys of water immersion oauses the volume resistivity to decrease to approximately
one £ifth of its original value, though some of the intermediate values appear

oerratic. At 56°C %he resistivity drops to about one hundredth of its original
value in 156 dayse

The effect of prolonged igmersion in 50°C water on volume resistance of
discs molded from mioca=filled phenolio molding material was aleo investigated at
Fort Monmouth, The results are given in Fige 7 without oomment.

11, Power Factor, Dieleo:rio Constant, Loss Factor.
Ae Effect of Exposure to Air of High Relative Humidity

There are scattered data svailable on this subjeot, but none showing
the progressive change in power factor, etc., with prolonged exposurs of materials

-9
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to a humid atmosphere. The following results are from measurements made 1:1 the
Formioa laboratories. The samples were 1/8" thiok and thé eleotrodes 4.47" in
diameter, Measurements were made at 60 oyocles.

I I I1I
Materisl As Received After 48 hrs, at 50°C Condition II followed
by 96 hrs. at 27°C,
90% RH

FF X Pr K 7r K

0.032 L8 04027 L8 0.047 561
04043 5e2 04036 52 0.079 5.7
0434 1,3 0.25 849 0496 13.1
0402 Beb 0.017 b5 0.061 5.1

Reference was made above to the work done at the Fort Monmouth
laboratories on the relative effect on eleotrioal properties of different
hunddity (and temperature) oycles. These oycles were desoribed, and identified
by the numbers 1, 2 and 3, The table below gives data on the progressive effeot
of humidity oyole 1 on power faotor, dieleotrio oonstant and loss faotor of two
specimens, #6 and #17, of molded phenolic (MrS-E3,MFE) in the form of disos of
4" diameter and 1/8" thiockness. Before the oyoling started, the specimens were
kept at 50°C for 4B hours, cooled down to roam temperature in a desiccator and
measuredes All measurements were mede at 1 kilooycle, 1 megaoycle and 10 mega-
oyoles.

It is intereating to note how the effeot of this oonditioning
becomes less important the higher the frequency, whioh is what one would expect.

1 XC 1 MC 10 MC

Initial Values
e

00492 5,61 4276 L0191 4,92 L0940 L0170 4.80 L0816
#7 0476 5463 4268 L0190 4,87 L0926 L0169 A.76 0804
Average 0484 5462 272 0191 4,90 <0933 L0170 4,78 L0810

After 6§ oycles

0828 6.43 o632 L0333 6.13 L171 «0277 4,96 .137
#17 o0744 6,11 455 L0300 4,98 L1149 «0245 4,856 .119
Average +0786 6,27 494 .0317 5,06 ,180 «0261 4.91 ,128

After 11 Cyoles
+0920 6,39 «588 L0300 5,08 162 00241 4,90 L1118

#a7 0837 6015 o515 L0290 4.98 144 #0228 4,856 111
Average 0879 6,27 562 L0208 5,03 L148 «0236 4,88 .11§

After 15 oyoles
F_"Y'_ o111l  6eB82 o757 L0366 5.16 <183 L0283 4,97 L141
7 0100 6,51 o651 L0324 5.07 L1648 0254 4,90 L126
Average 0106 6467  JTO4 <0340 6,12 o174 0269 4.94 L133

The progressive effeot of Humidity Cyole 3 om the power factor
of speoimens of the same material (MTS-E3, MFE) is shown in the following'tables
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1 KC 1 MC 10 MC
48 hours at 50°C 0.0503 000203 0.0183
6 oyoles 01210 0.0412 0,0362
13 oyoles 0.1320 0.,0506 0,0431
19 oyoles 041780 0,0619 0.0539
26 oyoles 0.3120 0.0826 0.0782

Be Bffect of Water Immersion

The effect of 24 hours immersion in water at room temperature on the
dieleotrio oonstant and power factor at 60 oyoles of four different materials is
shown in the table below. These results are from the Formioa laboratories.

I b s I11
Material As Recesived After 48 hours at 50°C Condition II follewed
by 24 hours irmersinn
in water at r.t,

PF K PP K FF K
XX 0,032 4.8 0,027 4.8 0.030 4.8
xxx 0,043 6.2 0.038 6542 0,050 Ge4
CE 0,340 11.3 0,260 8,9 0,331 11.2
GBE 0020 4.6 0,017 4.5 0,043 4.8

From the same laboratories we alsc have some data on the effect
of immersion in water of different temperatures for XXXP material, at 1 KC and
1 MC, as follows:

1 Ko 1M
F 3 T Fr X 7
Initial Values 0636 6.59 300 0303 4.9 147

After rsSe
in water at room

temperature «187 6,99 1,28 0408 4,88 ,200
AEE; 48 hours

in water at room

tﬂ?ﬂt\ll‘. 267 8617 2010 <0444 5416 ,228
After 48 hours

in water at 50°C .343 10,0 35,43 .0635 b5.24 280

Along the same lines are the following data from the Synthane Corporation
on power faotor at 1 megaoyoles

Grade Initial Value After 24 hrs. in water at 25°C
E 053! .aﬁ
L «0656 «0756
X «046 «066
x 042 «046
Xxx «040 «042
XXpP «034 «037
XXXP «024 «+026
A group of data drom Fort th oovers a longer period of immersion,

fifteen days, in distilled water at 27 C and 66°C, The samples were disos of
molded mioca=filled phenolio (MTS-E3,MFE), the same material for which many other
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data have been given in this report. Before immersion, the samples were kept
for 48 hours at 50°C, then cooled down to roam temperature in a desicoator

for the initial measurements, Power factor, dieleotrio oconstant and loss
faotor were determined at 1 kilooycle, 1 megacyole and 10 megacycles, with the
following resultss

Specimens immersed in Distilled Water at 27°%¢

1 KC 1 MC
P X L¥ i 4 X Lr 4 ) 4 LF
Before Immersion 0481 6,67 268 L0166 4.89 4,80
After 1 day 0538 5,68 ,308 0207 4,94
After § days «103 8,51 671 «0383 5,08
After 10 days o148  7.31 1,08 0453 5.34
After 16 days «169 8,08 1,36 <0511 5.49

Specimens immersed in Distilled Water at 65°C

1 KC 1 MC .10 MC
Before Immersion 0617 6,16 .319 0208 6,33 ,108 .0181 6.23 .0945
After 1 day «110 Te34 o808 0384 5,62 U6 ,03268 65.36 .178
After § days 227 10.6 2.40 +06863 68.61 o431 <0647 5,88 ,380
After 10 d". «301 13.9 4.20 «0916 Te24 «664 «0907 6.43 .584
After 15 days «361 17.41 6.11 «1060 797 +845 111 664 726

From this last group of data it is again apparent how mich greater the
effect of moisture absorption is at the lower than at the higher frequenoies. This
is partioularly true if we oonsider the loss faotor; there is then a wide gap
between the results at 1 KC on the one hand and those at 1 MC and 10 MC on the
other, especially at the higher water temperature.

In Pig, g are two ourves showing the effect of prolonged immersion in dis-

tilled water at 50°C on the power factor at 1 MC of two mica=filled phenolio molding
oompounds, one being the MTS-E3 for which many data have been given, and the other

an NT78-E4, olassed as a low-loss oompound. These ourves, too, are from Fort Mon-
mouth,

In additien to the heat and humidity oyoles desoribed above, and the
straight water immersion, the Signal Corps laboratories have also been using a
water immersion oyole as follows:
55°C water for 6 hours
27°C water for 6 hours

The effect of this water immersion oyoling on the powsr faotor of the
MIS-E3 material is as followss
1KC 1MC 10MC
Initial Value <0499 *0198
[} oyoles 2260 «0698 +05648
13 oycles «2740 «0841 <0812
19 oyoles +4250 «1060 «1016
26 oyoles «4620 1100 1140

As before, the samples were kept for 48 hours at 50°C before the
initial measurements were made (at room temperature).

=12-
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It was mentioned above that these different methods of humidity and
water immersion oycling were investigated at Fort Monmouth in order to detsrmine
which was the most severe from the point of view of its effect on eleotrical
properties. The conolusion drewn from this comparative study is that water im-
morsion is more severe than exposure to heat and humidity (under the conditions
stated). Pig. 9 is a graphioal pisture of results on which this conslusion is
baseds It shows the variation of the dislectric constant of our MTS-ES compound
with time of exposure to the water immersion oycle and the humidity cyole identi-
fied as "Hwmidity Cyole 3" above. Since both cyoles are of 12 hours duration,
it will be seen that the dielectric constant seems to approach limiting values near
26 oyoles of the water immersion both at 1 XC and 1 NC, while many more humidity

oynles would be required to come close to those values, Similar ourves were found
for the power factor.

IIl. Mechaniocal Properties

In the material which has been made available in the present survey there
is very little worth mentioning at this point. The effest of exposure to moisture
on volume resistivity, power factor and dieleotric constant is, of eourse, a
reflection of the water absorbed by the insulator. 8ince moisture absorption
ohanges the weight and, in general, the volume of an insulator, the study of
moisture absorption, per se, may be said to ocome under the category of mechanical
properties. Fige. 10 shows the progressive aboorptaon of water by mica-filled
phenolie molding ocompounds immersed in water at 50 C, These curves, which are
from the Signal Corps laboratories, become of partiocular interest when oompared
with the curves in Fig. 8 which give the progressive change in power factor for
the same materials, undsr the sams conditions.

In the Works Laboratory of the General Eleotrio Company at Scheneotady
an investigation has been going on for the past couple of years dealing with the
question of dimensional changes of laminated phenolis plastics exposed to a
humid atmosphere at room temperature. The following data show the peroentage
dimensional chanzes for different materials, referred to the "dry" state, after
eonditions hed beocome staticnary in an atmosphere of 100% relative humidity at
room temperature. The specimens were 4" x 0.9" x 0.07".

Laminated Samples Dimensional C o8
i ickmess
Cotton Oe 0.0 1.3
0.2

Asbestos 0.15 0.7
Glass 0.12 002 0.7
Conolusion

As stated in the beginning the present report does not pretend to give
a ocomplete story of all recent work having to do with the effest of moisture and
fungus on the properties of plastic insulating materials. It does, however,
present a judicious selection of the experimental material made available to
the writer as s result of the recent visits to various laboratories desoribed
above. It should be worth while to write a samplete report when all available data
have been brought together,

=13
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DIRECT CURRENT RESISTANCE IN MEGOHMS
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EFFECT OF HIGH HUMIDITY AND FUNGI ON THE D.C. RESISTANCE OF

VARIOUS INSULATING MATERIALS

TEMPERATURE 25°C., RELATIVE HUMIDITY 97%; EXCEPT WHERE NOTED OTHERWISE

=1 . ] :
! | | |
SN | I
|
CURVE MATERIAL
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—f— "
NOTE: H— 1
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COMPARISON OF THE D.C. RESISTANCE

OF PHENOL FABRIC AND METHYL METHACRYLATE

AT 100 % AND 97% RELATIVE HUMIDITY
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Block #1
Block §2

Block #1
Block #2

Block #1
Block $2

Block #1
Block #2

Block #1
Block #2

Block ¢1
Rlock 82
Block s1
Block #2

Block #1
Block $2

- —
— -

£ 00 e
TABLE 1
Effect of Atmospheric Condensation on Insulation Resistance
of Molded Phenolic Terminal Block
(Untreated)
Maz. Bffest of
Snietal “‘ h.l-.d&- Changes is Ine. Res. ia Mogehms After Begesure to 005 RN at 85F
1ns. Rea. Proceding ‘Time to
Belere Bumidity Min. Ins. Reach Min. e Time of Bupouure
Test Jest__ Empeows  BesReache$  Ias. Bes —— My — e o D
B Mogehue L] Mogshuee | Misww n 2 < [] - » m 2
1 3,220 +% 86 2 10 94 1072 10 - 20 - -
1 3,400 +30 78 2 11 794 9.5 10 _— 16 — -
2 17,600 0 183 36 434 212 % 5 25 s — e
2 §,500 ] 10 75 ” 25 18 134 14 16 _— _—
2A* 1.2 atonce Distilled water poured over Block #2 while in Humidity
3 38,400 +30 2 15 2 3 ] 2% 60 2 -— 7.
3 13,000 +30 2 72 50 2 k) 2% 2 44 - 100
4 38,400 +30 2 30 29 30 2 - J 0 - 50 -
4 11,300 +30 2 105 67A 41 2 3 2 -_ 25 -
[} 740 + 6.5 51 14 9 7.5 6.5 7.5 10 - 60
5 740 +30 100 101 65 30 2 140 1n 11 - 2
6 “ +30 40 67 7.3 S. 468 44 53 7.0 - -
6 68 +% 10 " 3 18 12 113 10 10.5 -— -
7 3 -33 1.9 ss 5.5 25 20 20 24 kX1 4.2 (217 min.)
7 56 -33 28 90 25 60 42 36 30 30 3.2(217 min.)
NOTES
1 Block #! mounted horizontally with terminal punchings vertical.
Bloek #2 d hori; lly with inal punchings hori: 1

2 Data marked (A) obtained by interpolation between two nearest readings.
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EFFECT OF PROLONVEED [MNERSrory IN WATER,

AT S0°C on VoLumME RESISTANCE OF MICA-FriLed
PHENOLIC MOLDING MATER/IAL. .

S~

\

°
”

o
&

-
=)
w

NS
NS

e
»

o

"

3
8
v
3
|
3
X
]
¢
!
S

1200 1sco 2400
HOUWRS 1V WATER. AT So° C




RESTRICTED
FIG. 8.

O.18a—

0.150

e
°

PowER FACTOR A7 | MEGA CYCLE.

Q03

P
//

e“’&

0.0j bl

o)

éco 1200 1800 2400
HourS IN WATER AT Jo°*(C

3000




Fiée. 4.
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